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16. Abnroct 

Ttvo methods for eliminating luminol interference materials 
are de.scribed. A method has been developed which eliminates 
interference from organic material. By pre-reacting a sample 
with dilute hydrogen peroxide organic materials can be in- 
activated, The reaction rate resolution method for eliminating 
inorganic forms of interference is also described. The com- 
bination of the tv/o methods makes the luminol system more 
specific for bacteria. 

Flow system designs for both the firefly luciferase and luminol 
bacteria detection systems are described. The firefly luci- 
ferase flow system incorporating nitric acid extraction and 
optimal dilutions has a functional sensitivity of 3 x lO^ ^ coli/ 
ml. The luminol flow system incorporates tlie hydrogen peroxide 
pretroatment and the reaction rate resolution techniques for 
eliminating interference. The functional sensitivity of the 
luminol flow system is 1 x 10'^ E. coli/ ml. 
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I. 


Hydrogen Peroxide 


It was reported in Report No. that sodium por)x>rate produced 
a higher peak light response from the luminol reaction than did 
hydrogen peroxide. It has since been found that on a mole per 
mole basis, of all the hydrogen peroxide producing compounds, 
sodium perborate, sodium peroxide as well as hydrogen peroxide 
all produce the same light response for luroinol oxidizing agents. 

Figure 1 shoves that the peak light response from Juminol for a 
porpliyrin sample is a function of hydrogen peroxide concentration. 
Althougli the peak light response varies with hydrogen peroxide 
concentration, the total light from a particular sample remains 
constant. Because of this, the shape of the curves for various 
peroxide concentrations vary from a sharp, high peak at high 
peroxide concentrations to lower but broader curves at lov/er 
concentrations. This combined v;ith the characteristic reaction 
rate cii^ves for the various luminol oxidizing agents provide 
the basis for the reaction rate resolution method for elindnating 

interference. 2 

Of the three hydrogen peroxide producing compounds used in this 
laboratory, sodium perboi'ate and sodium peroxide have the ad- 
vantage of being relatively stable solids, sodium perborate 
lias the disadvantage of having a limited solubility in v;atcr, 
0.1625M = 0.55^,. Sodium peroxide is very soluble in water; 
hov/ever, in addition to producing hydrogen peroxide v;hen dis- 
solved, also jiroducos sodium hydroxide. This limits its use 
as a pretreatment since the sodium liydroxide could damage the 
bacteria cells. Although it has a limited shelf-life, hydrogen 
peroxide is still the most convenient reagent to use for the 
luminol mixture. It is recoiimrended that the luminol-peroxide 
reagent mixture not be used when over four hours old. 3 
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II. Hyclrocjon Peroxide PreUroatment: for Eliminating Interference 


A technique has been developed for eliminating organic luminol 
interferences such no catalase, hemoglobin, and other soluble 
extra-cellular porphyrins. This metliod involves a pre-inculxition 
of the sample with a dilute concentration of hydrogen peroxide 
to pre-react and thus inactivate the organic interferences. The 
bacterial porphyrins in the intact cells are protected and only 
react with the luminol reagent after they hove been ruptured by 
tbv- sodium hydroxide in the luminol mixture. 

Table I shows the effect of 0.5*!i hydrogen peroxide pretreatment 
on several compounds which could interfere with the luminol- 
bacteria detection system. The 10 minute pretreatment eliminated 
over 90'S of the interfering signal from the porphyrin materials. 
Figure 2 shows the effect of hydrogen peroxide concentration and 
time on a catalase sample. The greatest reduction of signal 
takes ivace within the first ten minutes of the reaction. Con- 
centrations greater than 0.1% arc necessary for effective reduction 
of interference signal. 


TABLE I. Effect of 0.5% Hydrogen Peroxide Pretreatment 
(10 minutes) on Luminol Oxidizing Agents 

Reduction of Peak Signal 


Hemoglobin 95% 
Catalase 94% 
Extracted Bacterial Porphyrins 97% 
Potassium Forrioyanide 50% 
Cobalt (ous) Chloride 20% 
Ferrous Sulfate 0 


Figure 3 shows the effect of hydrogen peroxide concentration and 
time on a sample of stationary phase coli . At hydrogen peroxide 
concentrations less than 1.5%, no significant reduction of response 
from coli was observed. Table II shows that the ago of the 
cells has a definite effect on the susceptibility of the cells 
to hydrogen peroxide protroaUment. Actively dividing cells such 
as found in log xihase growth are more susceptible to reduction 
by hydrogen peroxide tlian colls in the stationary grov/th phase. 









































TADLl? II. Effect of 0.5l Hydcogen Peroxide Prctrofttmcnii: 
(10 minutes) on Bactoria. 



Reduction of 

Peak .Signal 


Growth 

Pliase 


Stationary 

Log 

/ 

Escherichia coli 

8% 

24% 

Bacillis subtilis 

16% 

3G% 

Pseudomonas aeruginosa 

43% 

40% 


Hydrogen peroxide is a more effective oxidant at higher plls. 

By raising the pH of the 0.5*1: hydrogen peroxide protroatment, 
the pretreatment is slightly more effective in eliminating 
soluble porphyrin interference \'h^le at tlic same time increasing 
the signal from the bacteria. Table III shov/s the effect of 
various buffered pH solutions of hydrogen peroxide and their 
effect on catalase and coli . As can bo seen from the table 
0.5% hydrogen peroxide br.ffercd between pH 5.5 and 7.3 is most 
effective in eliminating catalase while decreasing the signal 
loss from ^ coli . V7hilo a hydrogen peroxide pretreatmont 
buffered around pll 7 is best for eliminating porphyrin inter- 
ference and preserving the response from bacteria, the dif- 
ference is not, liowevor, great enough to v;arrant buffering 
the hydrogen peroxide pretreatment on a permanent basis. 


TABLE III. Effect of )3u£fored 0.5% Hydrogen Peroxide 
Pretreatraent on Catalase and E. coli . 

Reduction of Signal After 10 Minutes 

10“®M Catalase E. coli 


ELL 

Buffer 


(log phase) 

4.77 

Citric acid 

79% 

40% 

5.48 

Citric acid 

83% 

27% 

7.27 

Phosphoric acid 

83% 

31% 

9.19 

Doric acid 

07% 

41% 


In summary, the 0.5% hydrogen peroxide pretreatment for a period of 
ten minutes is the optimal condition for eliminating organic inter- 
ference. Over 90% of soluble extra-cellular porphyrins can be 
eliminated using this technique. 
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III. Hoaction JUite UcHolution 


Afj can bo soon from Table I, t)io hydrogen peroxide protroatinont 
doos .nob iidoqunbcly ollminate inorganic forms of inkorferonco 
for t)ie luminol reacklon. 

While klicre lyas a 20*!. reduction of luminol signal from prebreaUed 
cobalt (oub) chloride, no reduction of signal was noticed v/ith 
ferrous sulfate. The ferrous sulfate may liavo already boon oxi- 
dised to ferric .sulfate v/lien put into solution before assaying 
explaining the lack of a reduction in signal. To eliminate 
inorganic interferences cf the luminol-bactcria system the re- 
action rate resolution method described in Report No. 1 must be 
used.*^ Figure 4 is an illustration of the type, of reaction rate 
curves observed with several luminol oxidizing agents. When used 
in conjunction with the hydrogen peroxide protreatment, tlic re- 
action rate resolution method can make the luminol system more 
.specific for bacteria detection. 

Table IV is data produced with the luminol flow system while at 
the Boring Laboratory in Houston, Texas. The effect of each 
inten-ferenco elimination method, IxjLh individually and together, 
on several water samples is shown, Overall of the inter- 
ference was eliminated from contaminated water samx^les, 


TABLE IV. Luminol Hesponao Following Interference Elimination 
Toohniquo.'j . 

Relative Light Units 



Deionized 

V/ater 

Water Purified 
by Reverse 
Osmosi.T 

Tap 

V/ator 

E. coli 
Seeded 
Deionized 
Water 

1) Ho i^rotrcatment 

0,49 

17 

41 

27 

2) H 2 O 2 £)retroatment 

0.40 

2.1 

3.5 

30 

3) Reaction i*ate resolution 

0. 23 

0.83 

2.4 

37 

4) Combination of 2} and 3) 

0.21 

0.30 

0.67 

49 

Overall Reduction 

of interference signal 

» 

57 R, 

981; 

901, 

(•I-IBI^) 
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FI&. 4-. 'REACTION RATE CURVES FOR VARIOUS LUMINOL OXIDIZING 

AGENTS (ARSn RARY CONCENTRATiONS). ' 


IV. Plow Syatom Configurntiono 


A ccheniatic diagram of Uljo luminol flow sysUoin is ahown in Figure a. 
This ayatem incorporatea l.l)o two methoda for eliininaUing interference 
problema. The hydrogen peroxide pretreaUnent all.owa the oainplc to 
pro-react the organic interforoncoa and 0.4% hydrogen peroxide for 
a period of 2 minutoa. The aamplo then rcacta witli the luminol 
reagent (2.5 x 10"^M luminol, 0.1^ II 2 O 2 Q»cl 0.7S N N^Ol!) for a 
period of 10 aoconda before roncliing the i^hotomultiplicr tube. 

T))ia atop, reaction rate reaolution, ol.uninatos tlio intorforonco 
from inorganic materials. The peak height ia tlion monaured to 
determine tlic bacteria concentration. Figure 6 shows the luminol 
flow ayatem re.sponse to col i. The functional sensitivity of 
the system is 1 x 10'^ E. coli/inl. 

The firefly lucif erase flow system for detecting bacterial ATP 
has been constructed according to Figure 7. Tim flow system 
incorporates the optimal extraction and assay methods wliilo re- 
quiring minimum dilution of the sample. The extraction step 
requires a 60 second residence time of saimple with 0.1 N nitric 
acid and then subsequent dilution with water. The actual assay 
requires 0.2 ml v£ luciferase. Figure 0 is an B. coli concentra- 
tion curve obtain-. d with tlm flow system using DuPont luciferase 
(1 vial brouglit up to 3 ml with 0.25M TUTS, 10“ Mg50^l and 10“3 m 
C loland's reagent). The graph compares the response when measured 
as peal: hoiglvt and when the signal is integrated for a period of 
GO seconds. While the sensitivity is the same in both cases, 
about 3 X 10^ cells/ml, better linearity is achieved v/ith the 
i n tec ra tod s ig na , 

The sensitivity of the flow system is alout one-half the sensitivity 
of the injection system. This difforeneo has boon attrilmted Lo 
the configuraLion of the flow cell. The walls of the flow coil are 
much thicker than the walls of the cell used for the injection 
system and apparently absorb some of the light produced in the 
reaction. 



FIG. S. AUTOMATED LUMINOL FLOW SYSTEM INCORPORATING • 

, HYDROGEN PEROXIDE PRETREATMENT AND REACTION RATE 
RFSOI UTION FOR PI IMI^!AV!^'r: iM-pRppc;p,V(-;F 







Klfure C). Peak licht rcnponce from various conrcntratlonc of w^^hed 
E. coll URlni, the luralnol flow cyctcm. 
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